Abstract
Introduction
Induced overvoltage is created by either direct or indirect lightning strike hit on solar panel system. A cloud to ground lightning flash generates a transient electromagnetic field which can induce overvoltage of significant magnitudes on overhead lines situated in the adjacent. Like all electrical equipment photovoltaic systems can be damaged with both direct and indirect lightning strikes and other overvoltage disturbances caused by electrical switching operations, load switching and so on. Statistics on damage due to lightning induced overvoltage from the strike point have shown that the installations between solar panel and electronic equipment up to about 1 km may be impressionable to induced or line-carried overvoltage [1] . Furthermore, to produce large amount of electricity needs a large size of solar cell but have a tendency to increase the probability to be affected by lightning strike activity.
The phenomenon of lightning has been the subject of intensive study by researchers [2, 5] and its behaviour is fairly predictable in general terms, although the exact description of specific incidents is not predictable. Protection against lightning effects includes two categories: direct strike (direct effects) and indirect strike. Direct strike is concerned with the energy, heating, flash, ignition of the lightning current, and indirect strike or also known as lightninginduced overvoltage (indirect effect) which coupling between the lightning stroke and, either to the PV system or lines conductor in electrical and electronic systems. The work of lightning and surge protection of photovoltaic installations by researcher [6] have speculated about two installations of PV systems which were damaged during lightning thunderstorms, may due to direct lightning strike. The two locations were located in Vulcano Island (Italy) and Kythnos Island (Greece). Following the description of these two case studies, a discussion is presented and leading to firm conclusion when the evident is sufficient and also allowing conjectures when the evident is less then conclusive. However, the evident is insufficient to conclude that all observed damage was caused by direct lightning strike effect since it is very difficult to predict when exactly lightning strike to the specific point. Therefore further investigation of direct effect need to be done by considering the complexity, the cost, and safety issues.
Recently, the lightning simulation for PV system concerning lightning-induced overvoltage was appeared in [7] . The work of [8] calculated and analysed the induced overvoltage for PV panel arrays on the rooftop of building. They concluded that the lightninginduced overvoltage is directly proportional to the peak value of lightning current. Indeed, they claimed that the high building, soil resistivity and the distance effect were more serious factor to be exposed to the overvoltage. Furthermore, their investigations concluded that the selection of Surge Protective Devices (SPD) should be considered for all the factors mentioned above. This The main goal for this paper is to provide the important signature of unwanted signal that coupled to the solar panel. This signature is due to the propagation effect of induced voltage created by the short spark gap from experimental work in the high voltage laboratory. In order to fulfil this goal in research, the lightning artificial discharge of 1.2/50 µs with the peak voltage of 66 kV is built by having vertical orientation layout. The solar panel is located apart from the spark gap with the initial distance of 1.0 m. The distance between solar panel and spark gap is varied in order to see the relationship of the maximum voltage of unwanted signal and the distance of the specimen.
Experimental Work
The experimental work is conducted to determine the breakdown probability of a spark 2 electrical copper cable is connected from the solar panel to the oscilloscope and the internal impedance is set to 1MΩ under full bandwidth operation. The lightning artificial voltage (1.2/50 μs) is generated up to 66 kV and the trigger is set to be 30% of input voltage. Trigger system is function to stabilize repetitive waveforms and capture single-shot waveforms. The result is saved with ASCII format and analysed by using MATLAB. Figure 3 below shows the input signal before the lightning artificial voltage (1.2/50 μs) is generated to 66 kV. The distance between solar panel array and spark gap is 1.0 m. Naturally, the existence noise on solar panel array is 2 V due to the light sources in the laboratory. Statistically, the result of unwanted signal from different distance of solar panel is decreasing proportionally as shown on Table 1 above. There is a significant distinction when comparing the results of unwanted signal signature between the distance of 1.0 m and 2.5 m. At the distance of solar panel and spark gap of 1.0 m and 2.5m, the average magnitudes of unwanted signals are 25.70667 V and 5.64 V proportionally (see Figure 6 ). This shows that the distance between the solar panel and the indirect lightning is significantly affecting the unwanted signal values and thus can cause damage to electronic equipment. 
Experimental Result and Discussion

